Previous research has demonstrated that older adults are not as accurate as younger adults at perceiving negative emotions in facial expressions. These studies rely on emotion recognition tasks that involve choosing between many alternatives, creating the possibility that age differences emerge for cognitive rather than perceptual reasons. In the present study, an emotion discrimination task was used to investigate younger and older adults' ability to visually discriminate between negative emotional facial expressions (anger, sadness, fear, and disgust) at low (40%) and high (80%) expressive intensity. Participants completed trials blocked by pairs of emotions. Discrimination ability was quantified from the participants' responses using signal detection measures. In general, the results indicated that older adults had more difficulty discriminating between low intensity expressions of negative emotions than did younger adults. However, younger and older adults did not differ when discriminating between anger and sadness. These findings demonstrate that age differences in visual emotion discrimination emerge when signal detection measures are used but that these differences are not uniform and occur only in specific contexts.
Introduction
Emotion recognition has been examined over the past century as a crucial element of social functioning (Darwin, 1998; Haberman & Whitney, 2009 LeDoux, 1996) , and, more recently, it has been the focus of an evolving series of investigations involving aging (Isaacowitz & Stanley, 2011; Ruffman et al., 2008) . Facial emotion recognition involves automatic and controlled processes that overlap with perception and decision making (Adolphs, 2002) . Past research examining the impact of aging on emotion recognition demonstrates substantial decline in the correct categorization of negative facial expressions across the adult life span (cf. Isaacowitz et al., 2007) . However, it is an open-question as to what factors account for this decline. Some suggest that these declines are accounted for (1) by cognitive deficits that emerge as we grow older (Orgeta & Phillips, 2008) , (2) by motivational shifts across the life span that impact how emotional information is processed (Isaacowitz & Stanley, 2011; Kellough & Knight, 2012; Mather, 2012) , or (3) by biological changes in the perceptual systems involved in detecting key facial features that communicate emotion (Calder et al., 2003; Phillips, MacLean, & Allen, 2002; Ruffman et al., 2008) . Because past research relies on emotion recognition tasks that include a complex decision structure in which participants are choosing between several emotional labels on each trial, it is difficult to determine the unique contribution that each of these factors makes to age differences in emotion perception. Consequently, the current study sought to determine the extent to which age-related facial emotion perception deficits emerged in a more direct visual discrimination task in which only two emotional categories were considered on any given trial.
The successful categorization of emotional facial expressions requires that observers have acquired the knowledge that is needed to link specific facial cues to the poser's internal state (e.g., Ekman, 1993; Pollak & Sinha, 2002) . Also required is the ability to access this knowledge, to link it directly to the poser's facial features, and to rule out those expressions that are not likely given the configural relations between facial features (Calder et al., 2000; De Sonneville et al., 2002; Konar, Bennett, & Sekuler, 2010) . For instance, an observer may better discriminate between angry and sad expressions if they are able to detect the furrowed brow of the poser. Of course, doing so should be easier when the poser is more expressive, as subtle cues at low expressivity may go unnoticed by the observer. Accuracy is reduced when one has several labels to choose from on any one given trial, especially when cognitive capacity is diminished context to limit their choice amongst the many possible options. Oftentimes, emotion categorization in everyday experiences can include context (e.g., other non-verbal actions or verbal cues) that serves to rule out some emotions as potential choices. Past research on age differences in emotion categorization has relied on static faces and has not offered additional context through which the observer can frame their categorization choices. Rather than add additional context, the current experiment attempted to simplify the categorization process even further to examine whether age-related differences in emotion recognition would still occur.
In general, older adults may require more time than younger adults when integrating the facial information needed to make a response (Rousselet et al., 2009 (Rousselet et al., , 2010 . More specifically, younger and older adults invest differing amounts of time on specific facial regions when categorizing emotions. Older adults tend to spend more time fixated on the mouth of the poser relative to younger adults, and this has been offered as a possible reason for older adults' difficulty in categorizing negative emotions (Sullivan, Ruffman, & Hutton, 2007) , especially expressions of fear and anger (Wong, Cronin-Golomb, & Neargarder, 2005) . Past research is consistent with this gaze-driven explanation for visual emotion recognition deficits, as older adults have consistently been outperformed by younger adults when asked to label expressions of anger, sadness, fear, and sometimes disgust (Isaacowitz et al., 2007; Mill et al., 2009; Orgeta & Phillips, 2008) . However, these two strands of work do not integrate seamlessly. Despite older adults' increased focus on the mouth region of expressions relative to younger adults, they show deficits in correctly labeling expressions (e.g., disgust and sometimes anger) that are typically distinguished by anatomical features close to or directly involving the mouth (Calder et al., 2000; Ekman & Friesen, 2003, pp. 83-88; Katsikitis, 1997) . Such a discrepancy invites closer scrutiny of the methods used to characterize age-related deficits in emotion recognition (Ruffman, 2011) , as age-related declines in cognition and perception are confounded. It is important to keep in mind that age-related differences in emotion categorization have occurred in previous studies despite the usage of high expressive intensity stimuli. For example, in Orgeta and Phillips (2008) , substantial age-related differences in the categorization of fear and sadness emerged at lower expressive intensities and these differences persisted as the expressions became more intense.
In the current study, participants completed a two-alternative emotion discrimination task that required visual comparisons of negative facial expressions. Here, choice, and thus context (Charles & Campos, 2011) , was limited within each experimental block such that participants only had to classify each stimulus face into one of two categories using any distinguishing features that were available. Additionally, expressions were presented at two intensities (i.e., low = 40% and high = 80%) to examine whether potential age-related differences in visual emotion discrimination were more pronounced when the perceptual features necessary for discrimination were present but less salient.
Materials and methods

Participants
Forty younger adults (Age: M = 19.23 years, SD = 1.42 years, range = 18-24 years; 45% women) and 40 older adults (Age: M = 66.57 years, SD = 4.36 years, range = 62-76 years; 50% women) took part in the experiment. All older adults were screened using the Mini-Mental Status Exam (Folstein, Folstein, & McHugh, 1975) and earned scores indicating normal functioning. The procedures followed by the participants were approved by the human subjects review board of Western Kentucky University, and written informed consent was obtained from each participant in advance of testing. Three of the 40 younger adult participants displayed aberrant responding on the emotion discrimination task and were excluded from the analyses. The remaining 77 participants all had normal or corrected-to-normal Log MAR visual acuity (log minimum angle of resolution: M younger = .02, SE younger = .01; M older = .11, SE older = .02). On average, the younger and older participants reported a similar level of education (i.e., some college). Additionally, older adults (M = 9.07, SE = .57) outperformed younger adults (M = 6.49, SE = .42) on a measure of verbal ability (Advanced Vocabulary; range: 0-18), t(75) = 3.61 (M diff = 2.59; 95% CI: 1.16-4.02; p = .001; Cohen's d = 0.82), whereas younger adults outperformed older adults on a measure of inductive reasoning (Letter Sets Test; range: 1-15), t(74) = 2.65 (M diff = 1.75; 95% CI: 0.44-3.07; p = .01; Cohen's d = 0.61), when completing a short battery of cognitive tests (Ekstrom et al., 1976) . These age-related differences in cognitive functioning are consistent with differences reported elsewhere (Schaie, 2005) .
Stimuli and emotion discrimination task
The participants viewed individual photographs of faces containing one of four negative emotions (anger, sadness, fear, or disgust) at two intensities (40% or 80%). The photographs were presented in blocks such that each emotion was paired against each of the other emotions. The blocks were randomly ordered for each participant. In each block, participants indicated which of two possible emotions were expressed within each stimulus (i.e., a single face was presented on any given trial). In total, there were six blocks of stimuli, one for each of the six possible pairs of the four negative emotional expressions (i.e., Anger-Disgust, Anger-Fear, Anger-Sadness, Disgust-Sadness, Fear-Disgust, and Fear-Sadness). Within each of the 6 blocks, there were 128 total trials, or 64 trials for each expressive intensity.
The emotional photographs were adapted from the Montreal Set of Facial Displays of Emotion (Beaupré & Hess, 2005) . Fig. 1 shows sample stimuli. The photographs were grayscale, racially diverse, and consisted of four male and four female targets. Each target expressed anger, sadness, fear, and disgust at 40% and 80% intensity. Intensity values (i.e., 0-100% in 20% increments) were assigned to stimuli by Beaupré and Hess after using face morphing software to merge a target's neutral facial expression with his or her most intense expression at incremental ratios (i.e., 80% anger = average of four 100% intensity anger photos and one neutral photo) for each discrete emotion. Given that typical displays of emotion range from moderate to high intensity (Hess, Blairy, & Kleck, 1997) , 40% and 80% intensity stimuli were used to evaluate younger and older adults' ability to discriminate emotion across a range of socially meaningful expressive intensities. These intensities are also consistent with the low-moderate to high intensities used in past research examining age-related differences in emotion recognition with tasks requiring participants to choose amongst multiple emotions. The photographs were presented at a viewing distance of 57.3 cm on a 17 in. Dell 1703 FPt LCD monitor (resolution: 1024 Â 768 pixels) by a PC with an Intel Pentium 4 2.8 GHZ CPU using E-Prime software (Psychology Software Tools, Inc.; pstnet.com), and were 13°(height) by 9°(width).
In all, participants completed 768 trials (128 trials for each of 6 blocks). Of the 128 trials within each block, half included 40% intensity expressions and half included 80% intensity expressions. Overall, 64 trials (i.e., 4 repetitions of 8 targets, each expressing 2 discrete emotions) were then used to calculate d 0 values for each expressive intensity within a block (Macmillan & Creelman, 2005) . Participants pressed one of two keys on a keyboard to reflect their choice on any given trial.
Procedure
Participants provided informed consent and then completed the visual emotion discrimination task after a brief cognitive screening battery. During the task, participants selected one of two possible emotional labels for each stimulus presented centrally on the monitor. Each stimulus remained visible for as long as was required for the participant to respond. From one block to the next, the emotional labels were changed to reflect the pair of emotions the participants were to discriminate. Participants were instructed which keys to use for their responses before each of the six blocks, and a reminder was continuously available during each block.
Results
Participants' d
0 values were submitted to a 2 (participant age group: younger, older) Â 2 (participant gender: male, female) Â 6 (emotion pair: Anger-Disgust, Anger-Fear, Anger-Sadness, Disgust-Sadness, Fear-Disgust, and Fear-Sadness) Â 2 (expressive intensity: 40%, 80%) mixed-model ANOVA in which age group and gender were between-subjects factors, while emotion pair and expressive intensity were within-subjects factors. The participants' average d 0 values are depicted in Fig. 2a -f within box plots (McGill, Tukey, & Larsen, 1978) that reflect the upper and lower quartiles of participant performance as a function of age group, emotion pair, and expressive intensity. A d 0 value of zero indicates chance performance, and increasing d 0 values reflect increasing accuracy in being able to discriminate between the emotional stimulus pairs included in each block (Macmillan & Creelman, 2005 ). The expressive intensity Â age group interaction emerged because younger and older adults were almost at ceiling in their discrimination performance at high expression intensity (Younger: M = 3.43, SE = .08; Older: M = 3.32, SE = .07) but not at low expression intensity (Younger: M = 2.40, SE = .08; Older: M = 1.96, SE = .08). Additionally, the emotion pair Â age group interaction emerged because the younger adults' advantage in performance over the older adults was larger for some emotion pairs (e.g., Fear-Sadness, Disgust-Sadness, and Anger-Disgust; d Given that prior research demonstrated substantial age-related deficits in recognizing emotion at 50% expressive intensity (Orgeta & Phillips, 2008) , five additional post hoc contrasts were conducted to compare younger and older adults' ability to discriminate between the emotions at 40% expressive intensity for each of the remaining emotion pairs (Bonferroni correction: a = .007, or .05/ 7, which includes the two post hoc t-tests described above). Younger adults were more sensitive than older adults to differences between Disgust and Sadness, t(75) = 3.48 (M diff = 0.66; 95% CI: 0.28-1.04; p = .001; Cohen's d = 0.80) and to differences between Fear and Sadness, t(75) = 3.66 (M diff = 0.57; 95% CI: 0.26-0.88; p < .001; Cohen's d = 0.85). Younger adults were marginally more sensitive than older adults to differences between Anger and Fear, t(75) = 2.71 (M diff = 0.43; 95% CI: 0.11-0.74; p = .008; Cohen's d = 0.63), and to differences between Fear and Disgust, t(75) = 2.72 (M diff = 0.48; 95% CI: 0.13-0.83; p = .008; Cohen's d = 0.63). However, younger and older adults were not different from one another in discriminating between Anger and Sadness (reported above) and between Anger and Disgust, t(75) = 1.94 (M diff = 0.46; 95% CI: À0.01 to 0.93; p = .06; Cohen's d = 0.45). 
Discussion
In prior research, younger adults have generally outperformed older adults when asked to use multiple emotion labels to categorize a variety of discrete emotional facial expressions (Isaacowitz et al., 2007; Orgeta & Phillips, 2008; Ruffman et al., 2008) . However, in these studies, the categorization process required that participants choose amongst several labels for any given stimulus, creating the possibility that the observed age differences could be accounted for by cognitive deficits associated with aging rather than perceptual deficits . The current study sought to determine if the age differences that are typically found in facial emotion categorization tasks would also occur if signal detection measures were used to evaluate younger and older adults' ability to visually discriminate pairs of negative emotional facial expressions. Our methodology simplifies the judgment process by limiting participants to two possible alternatives on any given trial and thus minimizes the role of cognitive factors. Despite this task simplification, older adults, on average, were still outperformed by younger adults. However, the observed age-related differences in facial emotion discrimination accuracy were not uniform and only emerged at lower intensities for some, but not all, of the emotional pairs.
Older adults were significantly worse than younger adults at visually discriminating between emotional facial expressions at the lower intensity level for 2 of the 6 emotion pairs (i.e., Disgust/Sadness and Fear/Sadness) and were marginally worse for 2 additional pairs (Anger/Fear and Fear/Disgust). The forcedchoice nature of the task served to focus the participants' attention on the facial cues that were most relevant to the specific comparison that was taking place in a given block. It is therefore unlikely that the difficulty displayed by older adults when discriminating these pairs can be accounted for by age-related cognitive decline. Rather, all four of the comparisons that posed the greatest challenge to older adults involved low intensity expressions of fear or disgust. Of those negative emotions examined in the current study, fear and disgust tend to be observed less often than anger and sadness in the everyday life of older adults (Birditt & Fingerman, 2003; Chipperfield, Perry, & Weiner, 2003) . Given that older adults have fewer opportunities than younger adults to identify the cues associated with fear, it is possible that older adults have more difficulty perceiving fear-related facial cues, especially at lower intensities when the cues themselves are less salient.
Although age-related differences in the discrimination of emotional facial expressions were observed, these age differences were primarily limited to particular pairs of lower intensity expressions. Younger and older adults were quite similar in their performance at the higher level of expressive intensity. These findings are inconsistent with those of prior research examining the impact of expression intensity on categorization accuracy (Orgeta & Phillips, 2008) , but are consistent with other lines of visual perception and aging research. When perceptual cues are most salient, older and younger adults often display little or no difference in their visual discrimination abilities (e.g., Norman, Bartholomew, & Burton, 2008; Norman et al., 2004 Norman et al., , 2006 . Moreover, older adults displayed fairly high discrimination ability for all of the emotional pairs, even when the expressive intensity was low (d 0 values of 1.77-2.15). Given that a d 0 value of 1.77 corresponds with a performance of approximately 81% correct, older adults performed better at 40% intensity than one might have predicted given the findings of prior studies using multiple-choice classification schemes with more than two choices (e.g., 50% or less accuracy in Orgeta & Phillips, 2008) . In addition, younger and older adults were equally able to discriminate between anger and sadness at low intensity. As was mentioned earlier, anger and sadness tend to be more often observed in the everyday life of older adults than fear and disgust, offering more opportunities to recognize those cues that typify angry and sad expressions (Birditt & Fingerman, 2003; Chipperfield, Perry, & Weiner, 2003) .
Conclusions
In sum, the present findings support the existence of limited age-related deficits in negative visual emotion discrimination. The findings of this experiment also suggest that reducing the complexity of the decision making component of the emotion discrimination task acts to partly level the playing field for older adults. Age-related differences in performance were mainly limited to low intensity emotional expressions, and even for those conditions, older adults' discrimination performance was higher than what would probably have been expected given the findings of prior research using non-signal detection methodology. By utilizing a two-alternative discrimination task, the potential for interference between emotion perception and cognitive demands was minimized. Overall, members of both age groups performed well on the visual emotion discrimination task. The current study is important to the literature concerning age differences in emotion recognition because it demonstrates that the measurement technique used to assess age differences can affect the deficits that are observed. For example, although prior studies have found age differences in the categorization of angry and sad expressions, the current study found no such differences. When we asked our older adults to directly compare (i.e., discriminate) facial expressions of anger and sadness, they were just as capable as adults who were 45-50 years younger.
